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1. 



FUNCHONAUZED POLYMERS FOR SmE-SPECIHC ATTACH]^ 

INTRODTinrnM 

Technical Fip.lH 

The present invention relates to the preparation of functionalized 
polymers. More particularly, the present invention relates to reagents and methods 
for the site-specific chemical modification of target molecules, e.g. 
biomacromolecules. particularly biologicaUy important polypeptides, and other 
polydisperse macromolecules such as plastics (e.g.. polyethylene or nylon) by 
means of covalent attachment of functionalized polymers, particularly polyidkylene 
oxide polymers. 

Backgrotinri 

Preparations of polyethylene glycol-modified polypeptides have 
reduced immunogenicity and antigenicity and also have a longer lifetime in the 
bloodstream as compared to the parent polypeptides (Abuchowski and Davis (1981) 
-Enzymes as Doigs". Holcenberg and Roberts, eds.. pp367.383. John Wiley & 
Sons, N.Y.). These beneficial properties of the modified polypeptides make them 
very useful in a variety of therapeutic appUcations. such as enzyme therapy To 
effect attachment of polyethylene glycol ("PEG-) to a protein, the hydroxyl end- 
groups of the polymer must first be converted ir,to reactive fimcUonal groups This 
process is frequently referred to as "activadon" and the product is called "activated 
PEG." Methoxypolyethylene glycol ("mPEG-) derivatives, capped on one end 
w.th a protecting group and bearing on the other end an electrophilic that is reacUve 
towards amines on a protein molecule have been used in most cases. One of the 
most common form of activated PEG used for preparation of therapeutic enzymes is 
methoxy-poly (ethylene glycol) succinoyl-N-hydroxysuccinimide ester (Abuchowski 
et al. (1984) Cancer Biochem. Biophys. 7:175-186). However, one major 
drawback is that ester linkage between the polymer and succinic acid residue has 
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3. 



lypicaUy cumulative as derivatization is carried to completion. TypicaUy. increasing 
the number of polymers per molecule of polypeptide using the methods above very" 
often decreases sterically the accessibility of the active site and thus diminishes 
biological activities possessed by the unmodified polypeptide. Polyethylene glycol 
modified TNF-or is a typical example where extensive modification resulted hi the 
complete loss of bioactivity (Tsutsumi et ai. (1994) Jpn. J. Cane. Res. 85, 9-12). 

In light of the many potential applications of polymer conjugated 
molecules, and particularly in view of the art's focus on PEG-polypeptides. there is 
a need in the art to increase the repertoire of fimctionalized polymers for use in 
modifying target macn>molecules or materials, such as surfaces. Accordingly, there 
is a need in the art for fimctionalized polymers in addiUon to fimctionalized PEG. as 
weU as methods for allowing one to overcome the disadvantages inherent in and ' 
observed for the current methods of polymer attachment, both for medical and non- 
medical uses. For example, there is a need in the art to provide fimctionalized 
polymers that are capable of coupling to residues of target molecules, e.g. amino 
acid residues of polypeptides, without diasticaUy altering the charge present on the 
residue or without introducing groups at locations likely to interfere with the 
binding properties of the target molecule, and that are attached through linkages that 
are stable under a variety of conditions, particularly physiologicaUy relevant ^ 
conditions. Thus, a need exists for reagents and methods for constructing 
homogeneous preparations, of easily synthesized macromolecules of defined 
stnicture having stable Ugation linkages, wherein these reagents and methods 
provide ease, rapidity and mUdness of synthesis; essentiaUy quantitative yields; 
versatiUty in design; and appUcability to constniction using a diversity of 
biochemical classes of compounds. Tht reagents and methods provided in the 
present invention provide meet these needs and others as well. 

SUMMARY OF THE TNVPNTTnM 
The present invention provides methods and compounds for site- 
specifically, chemoselectively modifying inder mUd conditions a target 
macromolecule. such as proteins, peptides, other organic compounds such as 
plastics, or surfaces containing macromolecules, with an amino-oxy or aldehyde (or 
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ke.0„e,«vauv. Of 3. „.^c po,y.„. p.,e.M, a wa,e. o^aai. 
polymer. „„,e p,ef=nbl, PEG or dexua«, ,ia an oxime linka-e a, a u„i„ ■ 
-^e.„ec„.. .ove,a„.„.,.e....o.P;o: ~ 

ro..a,io„. -n^,, .r.,^^„,,.^,Z 

~S «.n*„a..e. po,y..rs of .H^ hv..^„. „„e or ™or= .ZIZ 
Polymer. ™, ^ ^ ch»o.,ecave,y ,o a ! 

Chosen si« on a„ ^^-S.e. pre- 

^""^ -'f">=«'bj«i.ve„do„ is topmvide a process for 
P™™,ei„s modmea ,.e site-specific. cov^„ a.,^„, ^ 

fancuonalucd water-soluble polymer deri™,ives. T^a presen, i„ve„,- 
^ncUo„a«^pol,™er„..e.,,„„„^,^,,J~-~ 
between 5 and 2000. 

(,,„„• ,■ '^''"^"""'""''""•^'"■""''^"P'ooessforpteparin.U,. 
^cuona.^ po,,.,, ,3, ^ w J Jd! ,e 

»P Of ■««„,. a P„l,.=r componnd. wbe^in the number ot pol™.r „ J. 
™. is an i^e^er b«wee„ . an, , „„1.'^™^ 

when.„ the ox.n,e-f„nni„g group is covalently anached to ,he p„ly„,„ 

nie present invenUon farter provides a ftnctionalized modified 
molecule, prefenbly a polype^i,, ba.in, an oxime-fonn,. rTZl 
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fl-ncuonalizing the target macromolecule to ptwide a f... oxi^e forlT / • 
.^P complement . activity with a second .ncdonal oZe fr:^ 
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5. 

present on a functionalized polymer of the invention, reacting the fiinctionalized 
target macromolecule with the fimctionalized polymer such that an oxime bond is 
formed between the fust and second functional groups. 

Multi-polymer-containing amino^)xy-functionalized or aldehyde(or 
ketone)-funcUonalized polymer constructs are also provided that aUow site-specific 
chemoselective ligation under mUd conditions of the construct (and thus aU of its ' 
polymers) to a single site on a target macromolecule via an oxime bond. FamUies 
of fiinctionalized polymer constructs are also provided wherein each construct 
differ, in topology but not in molecular weight (average) from the others in the 

family. Methods for their use include the systematic modification of a target 
macromolecule to rapidly create a family of target molecules, preferably 
biologically important proteins, differing in topology but not molecular weight from 
which famUy can be identified macromolecules having desired biological or physical 
properties, such as enhanced pharmacokinetic behavior. The present invention thus 
provides methods for systematically modifying the Stokes radius of a target 
macromolecule, which method includes the steps of conjugating a fimcUonalized 
target macromolecule with a series of fimctionalized polymers of the invention, 
preferably the multi-polymer-containing fimctionalized polymers, in separate ' 
reactions, and then determining the effect of conjugation on the Stokes radius In a 
preferred embodiment of this aspect of the invention the pharmacokinetic behavior 
of a target macromolecule is systematicaUy modified. 

Kits are provided with appropriate reagents for carrying out the 
methods of the invention. 

BRIE F DESCRTPnON OF TWH DRAWmn»; 

Figure 1 depicts an SDS-PAGE gel under non-reducing conditions 
showing the migration of conjugates of oxidized 11-8 with different fimctionalized 
PEG polymers. In all cases a single derivative was obtained in the conjugate, 
reaction. Lanes 1 . 3. 5. 7: Result of 20 hour incubation of oxidized IL-8 with 
functionalized AoA-PEG,^. AoA-PEG,^. AoA-PEG,„^. and AoA-N-(PEG,^), 
respectively. AoA-N(PEG,^), is (PEG,^-CONH(CH^,N-(CH0,-NH-AoA 
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2. 4. 6. 8: purified conjugates PEG^-Il-8. PEG,„^-Il-8 PEG H « , . 

v^-tivjjyjjj-H-g, Lane 9 oxidi7pH n r - To,,^ m 

from top .o bo„ Z. ■ '^'8'" ">^"^ 

from top ,0 bo»om: HK,3ph„„,ase B (97.4 kD), bovine s=™ „bu™ (66 2m 

ly^o^yme {I4.4kD). -kD- i„<fc„es Gallons. *' 
Hp.,= 2 depim an SDS-PAGE gel showing m|g„u„„ 

^EG,^-PEG.o^.. PEG^-n-8. Il-8-PEG,„^-Il-8 and (PEG.o^VLys-Il 8 mi^r h 
a single band, while (Lys-PEG Wl R n , ^ 

li^ys PEG,^Vll-8 and Dextian^-H-s gave a tiaU on the gel 

of ft. . ' '"''"'^''^ ^'^^^^S -'g-^o" of conjuca.es 

Of functionalized PEG anH T>x:n ^ ^""JUc^aies 

CSF. Un= 2: resuu of 24h incuba,io. of oxMized .^-Ma-G-CSF „i,h AoA- 
PEg" . . PuKfiedPEG«„..„.Me.-G.CSP. U„e4: Coupling „f aoA- 
EG^ .0 ox,d«d ^e..M«.G.CSF after 241. incnbalion. Un= 5: Purified 

Sri - - 

Figure 4. Conjugation of (unctionalized AoA-PEG„„ AoA.PFr 
-AOA.EG „,n„,Keoep.„,An.go„i.P„^^^^ 

"-Ira. Lane 2: Coupling of AoA-PFr . • i. 
inch,,- ADA-PEG.^ to tnmsammated IHia after 48h 

~„ a. room .e„pe„„„. ^ 3, 

PEG^-Il-l™. and PEG^-IM.. 1^ 6: P„,ei„ darken a,c as in Fi^re 1 
inhihV , '^•'^"'"^*=P"='*=="^P°"«cu„es Showing 

Z:::^'' ^ ~ i- .^e 

P^nce f dec^u.^ concent,a.o„s of Il-l. derivative. , 

PE^ ; r r " ^'^^ 5C is .ha. f„r 

usin-Tetl' * "'^'^ " ™ Example 8 

2 '---natton .0 provide an activated protein. Bach p„i„, was derived 

n of^r - —1 

".can Of three prostaglandb, determinations obtained when buffer only was used in 
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place of the Il-lra (also designated herein as "Antril" (from Synergen, Inc.)) and 
derivatives. ITie dispersion of the means is not unusual in this assay. For clarity, 
the dose-response curves for the three Antril derivatives were plotted separately 
(dotted lines and error bars), each time with the same standard curve obtained with 
Antril (solid line and error bars). 

Figures 6A and 6B depict pharmacokinetics of PEG,ou,-n-lra (Figure 
6A) and PEG,o„>-Il-lra (Figure 6B) in rats, compared with that of unmodified 
n-lra. For clarity, the results with the two derivatives are plotted separately (dotted 
lines), each time with the same set of results obtained for umnodified Antril (soUd 
line). Blood samples were coUected at 3. 10, and 30 minutes and at 1, 3. 7. 12 and 
24 hours. Each point represents a single determination with a single animal. In 
case of unmodified Antril, a slow rise in blood levels after an initial decrease could 
be shown between 30 and 180 min. Such an unexpected behavior was not observed 
with other investigated proteins used under the same experimental conditions. 
Animals that showed clear evidence that some or most of the injection had missed 
the taU vein and had been deposited subcutaneously (excessive radioactivity 
remaining at the injection site foUowed by a slow rise in blood levels after an initial 
decrease rather than the usual biphasic, exponential-liJce decrease) were discarded. 

Figure 7 depicts pharmacokinetics of 11-8, PEGio«>-Il-8, Il-8-PEG,ou,- 
11-8 and (PEGjou,)7Lys-n-8. Blood samples were coUected at 3. 7, 15 and 30 
minutes, and at 1. 3 and 7 hours. Each point represents the mean value or four 
animals. The dumbbeU and the multiarm constructs appear as the most effective 
conjugates for improving the lifetime of 11-8 in the bloodstream. 

DESCRIPTTDN OF <; PECIHC: FMBQPIMENTS 

The subject invention provides novel modifying reagents that are 
amino-oxy derivatives of polymer, preferably water-soluble polymers such as PEG. 
i-e.. polyethylene glycol. The reagents of the subject invention may be used to 
covalently attach a variety of polymers to target macromolecules of interest. 

An important advantage of the subject invention, particulariy in the 
case of biological important macromolecules such as polypeptides, is that target 
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The ttnn -biological activity- includes mr™,,- . . 

■"luce an i„„,„„e response, and the lile. "E^b, .he al»ht„o 

A -complementary fcnctional reactive group- is defi™.^ 
P- Of functional groups that chemospecmcaU, reacts „ ,1 1 " °" °' " 

(^0>a,areeon,p,e™e„^,„,„„,^,,^^^^_^^_^_^J^^J^^ 

«». occurs JI'I,r~""''' '""'""^ "^'"O" 

between complementary othogona, chemically reactive groups 

-ch can .e "^ZZ^"^':^ ^ ^ - Stoops 

nus, by »ay of example, in the context of this aooliclon 
~y-acetyl groups ate a most preferred htnctional grltp ' 

roraaachment°:r™7;r'^.= — --'--may.^ 
"ample, when mulUple!!^ ' for 
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--onalgro„po„.,X:~ir""''^^^^^ 
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coniu-ated- or ■ ^^''^ "Covalcntly 

ju==.ed or conjugated- refers to the attachment of polymer to t„, , 
ft-onau^ polymer. -p„„ca„„,. , '^-'J''^ = 

pop of this invention, the atucbment of a oxime-formin. " ^ 
polymer so that the Dolvmcr r,n k» • ^™"P » 

polymer can be s,te-specir.cally conjugated to a complementary 
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fiinctionalized target macromolecule. GeneraUy, the PEG or POG Ci-e., 
polyoxyethylated glycerol) molecule is activated or funcUonalized by attoching the 
reactive group to a terminal hydroxyl groups and then the functionalized polyler is 
covalently conjugated to an aldehyde group that has been site-specificaUy introduced . 
into the target molecule. In sharp contrast to typical previous methods of 
conjugations where conjugation may occur between any reactive amino acids on the 
protein, the reactive amino acid is typicaUy lysine, and lysine is linked to the 
reactive group on PEG or POG through its free .-amino group, the functionalized 
polymer reagents of the invention are site-specifically attached via a stable oxime 
linkage to a single, pre-chosen. site on the target molecule. 

A -target macromolecule- as used herein refers to an organic 
molecule (which includes molecules of biologic origin as weU as organic molecules 
with inorganic components) having a molecular weight of at least 500. more 
preferably of at least 2000. even more preferably at least 5000. most preferably at 
least 10.000. A -functionalized target macromolecule" is a target macromolecule 
that has been modified site-specifically to contain an oxime-forming functional 
group. The target macromolecule can be derived from natural, recombinant sources 
or can be synthetic. 

The term water-soluble functionalized polymer reagent as used herein 
refers to a water-soluble polymer modified so as to contain a functional group that 
provides for the site-specific conjugation of the water-soluble polymer to a target 
macromolecule through an oxime linkage. By the methods of the invention, target 
macromolecules are site-specifically modified to contain a ftmcUonal group ihat is 
complementary in oxime-forming reactivity with the amino-oxy or aldehyde 
functional group introduced onto the polymer, preferably at one of its termini (or in 
the case of a bi-fiinctional polymer-at both of its termini). By providing for water- 
soluble polymer reagents that can be coupled site-specifically to a polypeptide at an 
ammo acid residue, preferably at the C- or N- terminus, it becomes possible to 
conjugate water-soluble polymers to proteins without substantlaUy adversely 
affecting the biological activity of proteins that would be adversely affected through 
multiple couplings at amino acid residues located throughout the protein. 
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mole. , r """^y ^ of "nju-^ie 

molecules have essenUally idenUcal chemical anicfre. e,.h h . 

".".-.a, „e,. or .he a.cM po,™e,s, ^1 

- typcally ^ as fo„™, i, comme^ially available ..eoa J , '° 

h=-in to tocuonalizadon- prt^blv .H " 

'"^ ranee is lhaloblained after fimi,. ■ 

fac„„ Of commedc^yavaiUble p.epa„,o„ ™, is fa stl 

molecules all havin» the ..n,. , - conjugate 

-3.cM.;m;::r:rr^^^^^^ 
- « .5., ... ... ::. :r:a 

increasinflv nr»'fi.r«^ - ' °" way to 100%, are 

«sin^iy prefened meanings of "substautiaUy all." 

As will be readily appreciated in Ught of the present invention 
omogeneous poly.er conjugate compositions c. he co.pL of 11 

In one embodiment of the invention the formula of .h. 
"seftil for coupling polymers tcr , compounds 

P g Polymers to complementary fijnctionalized target 
-cromolecules. such as polypeptides, via . oxime linlcage is: 

P-X-O-NH, 

Where P represents an organic polymer, preferably water solubl. v 
represents a spacer grouD -O MH ^ "'ater soluble. X 

g-up. 0-NH, ,p^„^ ^^^^^^ Water-soluble organic 
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polymers of interest preferably have hydroxy groups appended to the polymer 
backbone that are convenient sites for fiinctionaliration and may be selected from 
known water-soluble polymers including but not limited to: (a) dextran and dextran 
derivatives, including dextran sulfate, P-amino cross linked dextrin, and 
carboxymethyl dextrin, (b) cellulose and ceUuIose derivaUves, including 
methylceUulose and carboxymethyl ceUulose. (c) starch and dextrines. and 
derivatives and hydioylactes of starch, (d) polyalklyene glycol and derivatives 
thereof, including polyethylene glycol, methoxypolyethylene glycol, polyethylene 
glycol homopolymers. polypropylene glycol homopolymers. copolymers of ethylene 
glycol with propylene glycol, wherein said homopolymers and copolymers are 
unsubstituted or substituted at one end with an alkyl group. (e> heparin and 
fragments of heparin. (0 polyvinyl alcohol and polyvinyl ethyl ethers, (g) 
polyvinylpyrroUdone. (h) a.^-Poly [(2-hydroxyethyl)-DL-aspaitamide'. (i) 
pblyoxyethylated polyols. and (j) polynucleoddes. including deoxyribo'nucleotides, 
ribonucleotides, and their phosphate-backbone-modified derivatives, e.g 
phosphorothioate derivatives. Preferred polynucleotides axe those oligonucleotides, 
of homology to biologically important polypeptides, preferably of viral or 
mammalian origin, and can include antisense sequences. 

Water-soluble polymer reagents include but are not restricted to 
polypropylene glycol ("PPG-). polyoxyethylated polyol ("POP"), heparin, heparin 
fragments, dextran, polysaccharides, polyamino acids including proUne. polyvinyl 
alcohol ("PVA"). and other water-soluble oi^anic polymers. TT,e water-soluble 
polymer reagents of the subject invenUon include amino-oxy derivatives of 
polyethylene glycol homopolymers, polypropylene glycol homopolymers, 
copolymers of ethylene glycol with propylene glycol, wherein said homopolymers 
and copolymers are unsubsUtuted or substituted at one end with an alkyl group 
polyoxyethylated polyols. polyvinyl alcohol, polysaccharides, polyvinyl ethyl ethers 
and a.^-PoIy [(2-hydroxyethyl>DL-aspartamideI and other water-soluble organic 
polymers. U.S. Pat. No. 4.179337; U.S. Pat. No. 4.609.546; U.S. Pat. No 
4.261.973; U.S. Pat. No. 4.055,635; U.S. Pat. No. 3,960,830; U.S. Pat. No. 
4.415,665; U.S. Pat. No. 4.412.989; U.S. Pat. No. 4.002,531; U.S. Pat. No 
4.414.147; U.S. Pat. No. 3.788.948; U.S. Pat. No. 4,732,863; U.S. Pat. No 
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4.745,180; EP No. 152,847- EP No 98 i in u,- u 

5 792 435 de.. ' ^"^^'^"^ ^""""^ 1^84; JP No 

>~^~-dx rrrr r- ■ - 

polymer Pis selected fmn,H ^ ^^^^^^e. Preferably, the water-soluble 

agent m the body. The POr. h« , r . ^e seen as a foreign 
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The spacer group X is optionally present. This invention provides 
fiinctionalized polymers in which the complementary reactive group capable of 
oxime-linkage formation is an amino-oxy group. Preferred is amino-oxy-acetyl 
("AoA"). In fact, additional stnicture (X or spacer group) can be used which 
connects an amino-oxy group to the polymer of interest. The spacer group X 
represents a non-reacting group comprising subsUtuted or unsubstituted, branched or 
linear, aliphatic or aromaUc groups such as phenyl or C,-C,o alkylene moieties, 
C,-C,o alJcyl groups, or a combination thereof, or an amino acid chain (such as a 
flexible hinge or loop sequence (see for example Argos, J. Mol. Biol. (1990) 
211:943-958), or a nucleoUde chain or a sugar chain or a lipid chain or a 
combination thereof and may contain heteroatoms. In the preferred embodiments of 
P-X-ONH,, X comprises -CHj- or -CHOH-. or more preferably -CO-CHj- or -NH- 
CO-CHj-. For example, in Example 1 below, X is -NH-CO-CH,- in the formula 
forAoA-MPEG: CH,-0-(CH,CH,0)nCH,CH,-NH-CO-CH,-0-NH,. When an 
amino-oxy group is on the fiinctionalized polymer groups present in the additional 
connecting structure (spacer groups) adjacent to the amino-oxy fijnction are not 
critical; however, a requirement of these spacer groups is that they do not interfere 
with the formation of the oxime linkage between the amino-oxy and its 
complementary aldehyde group. They should not react in preference to the 
amino-oxy group with the aldehyde, nor provide steric hindrance to the reaction, 
nor deactivate the reacUve groups. Where the conjugated polymer is to be used for 
antigenic or immunogenic purposes, it is apparent to one skilled in the art that 
spacer groups are chosen that are not themselves strongly immunogenic. Where the 
conjugated polymer is to be used for binding purposes, the preferred spacer group 
enhances or at least does not interfere with properties such as binding, avidity, 
product stability or solubility. 

The spacer group X can be chosen to enhance hydrolytic stability of the 
oxime linkage. Jht hydrolytic stabiUty of oximes is influenced by their structure; 
data indicate that oxime stability increases in the series: 
-CO-NH-CH,-CH=N-0-CH,- ^ -CO-NH-CHj-C(R)=N-0-CH,- < 
-NH-CO-CH=N-0-CH,- < -C4H«-CH=N-0-CH,-. Increased oxime stability may 
be obtained with the presence of aromatic groups in X. 
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In another embodiment of the invention bi- and multi-polymer-containing 
ftinctionalized polymers are provided. Functionalized polymers of these" 
embodiments have the general formulas 

(P)J.-X-0-NHj 
or 

(P)„L-X-C(R)0 

where P is an organic polymer as defined herein, m is an integer from 2 to 10 
more preferably 2 to 5. X is a spacer group as defined herein. -aNH, is amini>- 
oxy. -C(R)0 is aldehyde when R is hydrogen, and L is a multi-valent linking group 
to which each P (m in number) is separately and covalenUy linked, and wherein the 
valency of L is at least m+1. When -C(R)0 is a ketone. R is preferably Cl-ClO 
more preferably CI to C4. linear or branched alkyi group. In the aldehyde or 
ketone fiinctionalized polymer, groups present in the X spacer adjacent to the 
aldehyde or ketone funcdon are not critical; however, a requirement of these groups 
is that they do not interfere with the formaUon of the oxime linkage between the 
aldehyde and its complementary amino-oxy group. They should not react in 
preference to the aldehyde group with the amino-oxy. nor provide steric hindrance 
to the reaction, nor deactivate the reactive groups. The connecting group does not 
react with other functions present but if designed to do so then does not do so in an 
undesirable way (i.e.. a way which reduces product homogeneity or activity). The 
spacer group preferably represents a non-reacting group comprising substituted or 
unsubstituted aUphatic or aromatic groups such as phenyl or C,-C,o alkylene 
moieties. C,.C,o alkyl groups, or a combination thereof, or an amino acid chain 
(such as a flexible hinge or loop sequence (see for example Argos, J. Mol Biol 
(1990) 21 1:943-958). or a nucleotide chain or a sugar chain or a Upid chain or a 
combination thereof and may contain heteroatoms. Preferably when the oxime- 
forming group comprises -X-C(R)0. X is a spacer group comprising -CH,-. -CO-, 
or -CHOH. more preferably -C^,-. Also preferred are an aldehyde and spacer ' 
comprising OHC-CO- or glyoxylyl ("GXL"). 

In additional embodiments of the invention the oxygen atom of the amino- 
oxy group can be replaced with a sulphur atom, in which case reacUon with an 
aldehyde or ketone fijnctional group would yield a thio-oxime bond -C(R)=N-S-. 
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or solubUity. Linking structures can themselves contain valencies occupied with 
oxime-forming groups such that parallel assembly via oxime formation with a 
complementary functionalized polymer of the invention is employed to assemble the 
(P)„L- structure. Accordingly, baseplate stnictures described in co-pending United 
States Serial Numbers 08/057.594, 08/114.877, and 08/057.594, and co-pending 
International appUcaUon PCT/IB94/00093 (which are hereby incorporated by 
reference) are suitable for use as L structures. TTie oxime-forming groups of the 
baseplates can be replaced with other complementary reactive groups; however, 
most preferably oxime formadon is used for assembly. For an example where ' 
oxime chemistry is used for (P)„L- assembly, see Example 4 herein where L 
pentalysyl peptide (where m is 5) with each lysyl residue containing a covalently 
attached polymer and the peptide N-terminal contains the oxime-foiming group. A 
preferred L structure is derived from a tri-amine compound wherein any two amino 
groups are each available for coupling to a polymer and the remaining amino group 
is available for introduction of an oxime-forming group. A preferred tri-amine is a 
compound of the formula N(R5-NH^3. wherein any two amino groups (-NH^ are 
avaUable for coupling to the polymer and the remaining amino group is available for 
introduction of an oxime-forming group, and R5 is a non-reacting group comprising 
substituted or unsubstituted aliphatic or aromatic groups such as phenyl or C,-C,„ " 
alkylene moieties. C.-C.o allcyl groups, or a combination thereof, or an amino add 
chain (such as a flexible hinge or loop sequence (see for example Argos J Mol 
Biol. (1990) 21 1:943-958). or a nucleotide chain or a sugar chain or a lipid chain or 
a combination thereof and may contain heteroatoms. R5 is preferably -CH2-CH2-. 
•Die three primary amino groups are preferably distal to the nitrogen. Most 
preferably the tri-amine compound is tris-(2-aminoethyl)amine. 

As is taught herein a great Hexibility is available to one in the art for 
designing and obtaining L-structures of desired sequence, structure, valency, and 
function with specifically placed complementary reactive groups for attachment of 
polymers. Additional methods and compounds, which were developed in the 
laboratories of the present inventors and which are suitable for L-structure 
synthesis, are described in Rose (/. Amer. Chem. Soc. -PacUe synthesis of artificial 
proteins" (1994) 116:30-33; incorporated herein by reference). 
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In preferred embodinients of the invention, the functionaliz^ , 
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attached to -O-NH,. A protective group is non-reactive with respect to the polymer 
functionaiization methods of the invention or the target macromolecules of the 
invention. Preferably the protective group has between 1 and 10 carbons, more 
preferably it is an alkyl group, most preferably it is methyl. Prior to 
functionaiization. preferably PEG has at least one hydroxy group more preferably it 
is a terminal hydroxy group. It is this hydroxy group which is preferably activated 
(fiinctionalized) to introduce a functional group capable of site-specifically forming 
an oxime linkage with a complementary reactive group introduced site-specifically 
on a target macromolecule. By "lower alkyl" group is meant a CI to CIO. 
preferably C2 to C4, alkyl group. 

In another preferred embodiment of the invendon, bi- and multi-polymer- 
containing ftmctionalized polymers containing PEG or its derivatives are provided. 
These embodiments are those bi- and multi-polymer functionalized polymers as 
discussed above, but wherein two or more PEG polymers are attached to a single 
oxime forming group through individual attachment to the linking structure. The 
bi- and multi-PEG functionalized polymers of the invention find particular use in 
systematically modifying the Stokes radius of a polypeptide, which, in the case of 
pharmaceuUcaUy important polypeptides, preferably allows systematic modification 
of its pharmacokinetic behavior, and ultimately its therapeutic efficacy. 

More specificaUy, the invention relates to preparation and use of a 
functionalized PEG and dextran: monofunctional MPEG-NH-C0-CH2-0-NH,, 
Dextran-0-CH(CHOH-CH,OH)-(CHOH),-CH,-^ra-(CH^,-NH-C(>CH,-ONH,', 
Dextran-0-CH(CHOH-CH,OH)-(CHOH),-CH,-NH-(CH^,-NH-CO-C^,-CHO,' 
biiunctional NH,-0-CH2-C0-NH-PEG-NH-C0-CH,-0-NH,. and muIU-PEGylated 

(PEG),Lys-NH-(CH^,-NH-C0-CH,-0-NH„H0-((PEG)Lys)3-NH-C0-CH,-0-NH„ 
and (PEG-aminoethyl),-N-(CHj),-NH-CO-CH,-0-NHj. 

In a preferred embodiment of the invention, functionalized polymers, as 
taught herein, cqntaining dextran or its derivatives as the polymer backbone are 
provided. In another preferred embodiment the functionalized polymer is a mono- 
fiinctional or a bi-fiinclional polymer that contains dextran or a derivative thereof. 
In yet another preferred embodiment, bi- and mulu-polymer functionalized 
polymers, as taught herein, containing dextran or its derivatives arc provided. 
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known in the ait or with a functionalized polymer of the invention via oxime 
chemistry. After isolation of the bi- or multi-polymer product, the product is 
functionalized according to the invention by deprotection of the protected remaining 
valency of L foUowed by subsequent reaction, e.g. acylaUon in the case of an amin'o 
group, with a suitably protected-amino-oxy or protected-aldehyde containing 
acylating group. After deprotection of the oxime-forming functional group" the 
final product, the bi- or multi-polymer funcUonalized polymer is obtained. ' 

Alternatively, L is first derivatized with a suitably protected-amino-oxy or 
protected-aldehyde containing group, the mono-substituted derivative is isolated, the 
mono-substituted L derivative is then reacted at each remaining valency with a ' 
polymer intermediate (such as one having a COOH when L contains NH, or an NH, 
group when L contains COOH) or with a funcUonalized polymer of the invention 
(when oxime chemistry is used to assemble P to L). For example, MPEG-COOH 
intermediate polymers, which can react with free amino groups on an L-structure, 
are provided. The coupling will take place in the presence of HOBt and DCC. or 
without these reagents if the succinimidyl derivative of MPEG-COOH was 
previously prepared.. After deprotecUon of the oxime-forming ftmcUonal group, 
the final product, the bi- or multi-polymer funcUonalized polymer is obtained. 

When the L group is formed from amino acids, the pepUde sequence of an 
L structure can be synthesized by rouUne soUd phase peptide synthesis ("SPPS"). 
and while the peptide is stiU attached to the soUd phase PEG-COOH m an acUvaied 
fonn. such as the N-hydroxysuccinimide ester, can be added to the nascent pepUde 
chain. For example, the L structure can consist of a pepUde having six reactive 
groups such as five lysine residues and an N-tcrminal amine group. PEG-COOSu 
hydroxysuccinimide ester can react with each of the e-amino groups of the lysine 
residues (while Uie N-terminus or-amino group is left protected). The N-terminal 
amine group of the fuUy acylated peptide is then unprotected and the polymer- 
containing structure is reacted with a Boc-AoA-containing active ester to introduce 
the AoA group, which after Boc removal and mUd cleavage from the resin, yields a 
penu-polymer-containing functionalized polymer of Uie invention. It is noteworthy 
that this method finds particular use with synthetic structures (and perhaps certain 
rtcombinant products) since these can be designed to exclude addiUonal residues. 
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an aldehyde or amino-oxy group, is site-specificaUy foimed at a desired location of 
the macromolecule. 

In a preferred embodiment of the present invenUon functionalized polymers 
are prepared that are reactive site-specifically with polypeptide compounds, or with 
compounds or materials containing amino acids, in which an amino acid has been 
modified to contain an oxime-forming group specificaUy reactive with the oxime- 
forming fimction introduced onto the polymer. Preferably the N-terminal or C- 
tenninal residue of a polypeptide is so modified using methods presented herein. 
Cd-pending applications United States Serial Numbers 08/114,877. filed August 31, 
1993; 08/105.904, filed May 12. 1994, as well as PCT/IB94/0093, filed May 5. 
1994. each of whose contents are hereby incorporated by reference, present 
additional methods for site-specific modification of target compounds, particularly 
polypeptides by both chemical and enzymatic means, that find use with the 
functionalized polymer compounds of the present invention and methods for their 
conjugation to target molecules as taught herein. 

In the case of a polypeptide, the oxime-forming group is introduced 
preferably at a C-terminal of the polypeptide by selective enzyme catalyzed reverse 
proteolysis or at an N-terminal serine or threonine by mUd oxidation. (See for 
example Geoghegan et al. (Bioconjugate Chem. (1992) 3:138-146); Gaertner et al. 
(Bioconjugate Chem. (1992) 3:262-268); EP 243929; and WO90/02I35, which are 
incorporated herein by reference.) A recombinant or naniral pepUde may have 
multiple C- or N-termini. such as would occur in a dimer or tetramer. each of 
which can be functionalized. 

The water-soluble polymer reagents of the invention may be used to modify 
a variety of polypeptides or simDar molecules that have been site-specificaUy 
modified to contain a complementary funcUonal group capable of oxime formation 
with the functional group on the polymer. Polypeptides of interest include: 
antibodies, monoclonal and polyclonal; cytokines, including, M-CSF, GM-CSF. G- 
CSF. stem-ceU growth factor; lymphokines. IL-2, IL-3, growth factors, including, 
PDGF, EOF; peptide hormones, including, hGH, erythropoietin; blood clotting *" 30 
factors, including. Factor VHI; immunogens; enzymes; enzyme inhibitors; Ugands 
and the like. Polypeptides of interest for water-soluble polymer derivatization by 
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radioactive, enzymatic, biotin/avidin or the like. Synthetic antibody derivatives 
include natural immunoglobulin sequences that have been muuted and selected for 
altered binding specificity, various immunoglobulin gene derived polypeptides, 
typically single chain, produced by genetically modified bacteria, antibodies 
modified so as to contain modified constant regions and the like; a review of such 
syntheUc antibody derivatives based on the principles of antibody formation is 
provided in Winter and Milstein, Nature , 349:293-299 (1991). An antibody is a 
glycoprotein of the globulin type that is formed in an animal organism in response 
to the administration of an antigen and that is capable of combining specrically with 
the antigen. These are also referred to as immunoglobulins. Antibody fragments 
can retain some ability to selectively bind with their anUgen or hapten. Thl ability, 
to bind with an antigen or hapten is determined by antigen-binding assays (see. for 
example. Antibodies: A Laboratory Manual. Harlow and Lane, eds.. Cold Spring 

Harbor, New York (1988), which is incorporated herein by reference). Such 
antibody fragments include, but are not limited to. Fab, Fab* and (Fab'),. A native 
antibody is one which is isolated from an animal or from an animal or hybrid 
animal (hybridoma) cell line. 

The teachings herein describing groups present in the additional connecting 
structure (spacer group) adjacent to the aldehyde function or the amino-oxy funcUo'li 
present on a functionalized polymer appUes to any spacer group present on 
functionalized target molecules as well. 

In one embodiment of the invenUon. the C-terminus is modified, preferably 
with enzymes that can direct biJunctional reagents with suitable reactive groups 
specifically at the C-terminus in polypeptides or proteins (e.g. antibodies). n,e 
carboxyl terminus of a polypeptide chain is. at least in terms of primary structure, 
in most cases far from the active site of a protein. In another embodiment of the' 
invention, use is made of the fact that specific bifunctional reagents with suitable 
rcacUve groups preferably or specifically react at non-carboxy terminus sites of a 
polypeptide molecule. In a most preferred embodiment, the amino terminal group 
is the site-specific target after reaction to activate the N-terminal site on a peptide. 
In a preferred reacUon. N-terminal serine CSer") and threonine (-Thr") residues are 
oxidized in an exceedingly mUd reaaion with periodate (e.g. 20''C, 26 ;.M protein. 
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or PEG-NHCO-C«H«-CHO. as described in Example 12. which can be obtained by 
reacting, for example, amino fiinctionalized PEG with carboxy(benzaldehyde)OSu. 

In the same way, a pplyaminooxy tag can be introduced at a single site, in 
order to obtain a multiaim-conjugate, as it is shown in Example 18, with (H,N- 
0CHj-C0NH(CHj)j)3N and PEG-CHO. 

In less preferred embodiments, the site-specific target is a side-chain group 
of a poIypepUde not necessarily non-terminal, preferably an amino acid residue 
present at a single copy or otherwise preferentiaUy avaUable and sensiUve to 
modification. AltemaUvely, a unique residue may be introduced by recombinant 
methods. ITie side-chain group may be first modified using method taught herein to 
put in place a reactive group (aldehyde, keto or AoA) that will subsequenUy 
specifically react with a complementary reactive group on a fiinctionalized polymer 
(e.g. AoA or aldehyde). 

In another embodiment of the invention, a target macromolecule, 
particularly a polypepUde, is modified site-specifically at a locaUon other than at its 
termini. Modifications to the primary structure itself, by deteUon, addiUon, or 
alteration of the amino acids incorporated into the sequence during translation, can 
be made without destroying the activity of the protein. Methods for making such 
modified proteins, known as "muteins", are described in U.S. Pat. No. 4,518,584 
issued May 21, 1985, and U.S. Pat. No. 4.752,585, issued June 21, 1985. both are 
hereby incorporated by reference, and are weU-known in the art (see Current 
Protocols in Molecular Biology, ed., Ausubel (1994), Greene Pub. Associates and 
Wiley-Interscience, J. WUey, New York, NY; all volumes of which are hereby 
incorporated by reference). For example, at least one amino acid residue which is. 
not essenUal to biological activity and is present in the biologicaUy active protein 
can be replaced with another amino acid which is amenable to subsequent site- 
specific modification to create a funcUonalized target macromolecule of the 
invention. 

Polymers fiinctionalized with a hydrazide group can also react with the 
specifically introduced aldehydic or keto group, to form a hydrazone linkage. 
Though this bond is known to be less stable than the oxime bond, especiaUy under 
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preferably P is covalenay joined site-specificaUy to a funcUonalized N- or C- 
terminal residue on B. In additional embodiments of the invention the oxygen atom 
in the oxime bond of the formulas is replaced with a sulphur atom to obtain a - 
C(R)=N-S- thio-oxime bond. 

Individual fimctionalized target macromolecules can be derivatized by one 
or more different water-soluble polymers by means of reaction with different 
embodiments of the polymer compounds of the invention. Individual target 
macromolecules can be modified with multiple water-soluble polymers at a single 
site when m is greater than one. Preferably P is a polyalkylene glycol or a dextran 
derivative. 

Biological activities of proteins modified with PEG or dextran polymers are 
preserved to a large extent as shown by the Examples below. 

Salts of any of the macromolecules described herein, e.g., polypepUdes, 
water-soluble polymers and derivaUves thereof, will naturally occur when such 
molecules are present in (or isolated from) aqueous solutions of various pHs. AH 
salts of pepUdes and other macromolecules having the indicated biological activity 
are considered to b^ within the scope of the present invention. Examples include 
alkaU, alkaline earth, and other metal salts of carboxyUc acid residues, acid addition 
salts (e.g., HCl) of amino residues, and zwitterions formed by reactions between 
carboxylic acid and amino residues within the same molecule. 

As will be readily 

appreciated in light of the present invenUon, homogeneous polymer conjugate 
compositions can be comprised of homo- or hetero-polymers. As discussed in the 
remainder of the appUcation, when a heterobi- or heteromulti-polymer 
fiinctionalized-polymer is attached to a target macromolecule not aU of the polymer 
molecules attached at the single site will be identical with respect to chemical type 
or MW(av), nevertheless the composition can be homogeneous as defined herein. 
For example, step-wise assembly of polymers onto a Unking structure ("L") (see co- 
pending United States Serial Numbers 08/057,594, 08/114.877, and 08/057,594, 
and co-pending International appUcation PCT/IB94/00093, which are hereby 
incorporated by reference) aUows the introduction of different polymers at each step 
to create a homogeneous composition of a hctero-polymer. 
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pH for.a specific oximation reaction, taking into account pH stability of the 
molecules during the period of the oximation reaction. Oximation due to 
chemoselective ligation of the complementary chemical groups results rapidly and 
essentially quantitatively in the formation of a homogenous preparation of a oxime 
conjugate of defined structure when the AoA and GXL pair are used. 

Oxime-forming complementary chemically reactive groups can be attached 
in either a protected or an unprotected form. Methods to attach an oxime-formino 
complementary chemically reactive group to a target macromolecule include 
attachment through a chemically reactive side chain group. For example an 
oxime-forming complementary chemically reactive group can be attached to a 
cysteine-containing target macromolecule via the S atom by alkylation or disulfide 
formation. ITien upon oximadon to a functionalized polymer having an aldehydic 
function the target macromolecule is attached via its Cys residue through a thioether 
link (or disulfide bond) and an oxime link to the polymer. Preferred alkylating 
compounds are aDcyl halides having an attached AOA group. Specifically preferred 
are those having a BOC protected amino-oxy group preferably an AoA group 
Preferred are Br-CH2-CO-NHCH2CH2NH-CO-CH2-0-NH-Boc. where the AoA 
group is protected and can be removed prior to an oximation step, and 
Br-CH2-C0-NHCH2CH2NH-C0-CH2-0-NH, Another alkylating reagent is Br- 
CH,CH,CH,NH-COCH,ONH-Boc. The bromoacetyi group is much more reactive 
for alkylation of the thiol group of, for example, Cys residues. Uss preferred is 
the iodoacetyl group because it sometimes is too reactive and may be lost by 
photolysis. Other alkylating groups, in addition to the bromoacetyi group, include 
the maleoyl group. As taught herein, linkers for protein modificaUon using this 
group are exemplified as AOA-Lys(maleoyl-beta-alanyl)-OH and maleoyl-beta 
alanyl-NHCH,CH,NH-COCH,ONH, Although the maleoyl group is usefiil for 
niaking macromolecular conjugates, it is known to have serious stability problems 
(hydrolytic opening of the ring) and so is less suitable for making homogeneous 
polyoximes. Furthermore, alkylation involving the maleoyl group gives a linker 
which is more rigid and bulky than the link formed by aUcylation with the 
bromoacetyi group, and is thus more visible to the immune system. A preferred 
linker for in vivo appUcation is one against which an immune response is not 
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preferably acidic to about pH2, more preferably less than about pH 5, particularly 
when rapid formation is desired. More preferably, the pH is less than 4, most 
preferably about 3.6. The oximation reaction is compatible with lower pH values 
when it is necessaiy for maintaining target molecule stability or solubility. The 
reaction temperature is preferably room temperature, but can be adjusted to meet 
the specific needs for stability and solubility of the target mactomolecule. ITie 
reaction time is between 10 minutes and 72 hours, more preferably between 3 hours 
and 48 hours, and most preferably between 6 hours and 24 hours. The 
functionalized polymer is in molar excess to the fimctionalized target 
macromolecule, preferably between about 3-foId to 20-foId molar excess, more 
preferably between about 4-fold to 15-fold, and most preferably between about 5- 
fold to 10-fold molar excess. 

The functionalized polymer is preferably dUuted in aqueous, preferably 
buffered, solution at acidic pH. Acetate. O.IM, pH4.6 is a preferred solution. 
OptionaUy, a chaotropic agent is present in order to aid in accessibility of the 
functional group of the target macromolecule to Uie functionalized polymer. A 
preferred agent should be inert to the oximation reaction, inert to both the polymer 
and target molecule, and will not prevent the return of biological activity (if it was 
affected by the chaotropic agent) when removed from the final product. A 
preferred agent is guanidine hydrochloride ("GuHCl"), preferably at about 1 to 8 
molar concentration in the final reaction, more preferably about 4 to 6 molar 
cbncentiation. If the aminooxy derivative is not soluble in water, the conjugation 
reaction can be performed in the presence of an organic solvent. The solvent, and 
its concentration, should not irreversibly interfere with the biological activity of 
interest of the target macromolecule. Suitable solvents are weU-known in the field. 
For example, for certain poorly soluble peptides, up to 50% acetonitrile can be used 
for coupling. 

If desired, the polymer conjugate can be purified from the reaction mixture. 
There are many purification methods that are known to those of ordinary skill in the 
art such as size exclusion chromatography, hydrophobic interaction 
chromatography, ion exchange chromatography, preparative isoelectric focusin- 
etc. One particularly preferred method is to combine a size separation method with 
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fold to 25-foIcI. The molar ratio of taiget molecule to periodate is preferably in the 
lange of about 1-fold to about 6-fold, more preferably about 2-fold to 4-foId. In a 
specific embodiment. n-8:NaI0,:AoA was approximately 1:4:10. 

To determine which 

fiacUons contain the desired conjugate, the fractions can be screened against various 
standards. Preferred screening methods include SDS-PAGE. isoelectric focusing, 
bioactivity, and pharmacokinetics. 

Once it is known which fraction contains the desired conjugate, those 
fraaions may be further purified. 

For example, the polymer/protein conjugate mbcnire can be fractionated 
with the size exclusion chromatography column, the fractions coUected. then run on 
an SDS-PAGE gel to determine which fractions contain the desired polymer/protein 
conjugate. Then, the fractions of interest may be fiirther purified by contact with 
the ion exchange chromatography, the fractions coUected. and analyzed by 
isoelectric focusing to detennine which fractions have the desired polymer/protein 
conjugate. Before the polymer conjugate mixture is subjected to chromatography it 
can be initially prepared by removing impurities. For example, salts and chaotropic 
agents can be removed with preparatory columns, or can be dialyzed against 
appropriate buffers. 

Once the polymer conjugate is purified it can be tested for bioactivity using 
methods known in the an. 

According to a preferred embodiment of the present invention, protein and 
other organic target macromolecules may be chemicaUy modified by conjugation to 
water-soluble organic polymers such as polyethylene glycol (PEG). The production 
of such protein conjugates is of interest because of the desirable properties 
conferred by the attachment of the water-soluble polymers. TTiese desirable 
properties include increased solubility in aqueous solutions, increased stability 
during storage, reduced immunogenicity. increased resistance to enzymatic 
degradation. compatibUity with a wider variety of dn,g administration systems and 
increased in vivo half-life. These properties that are brought about by the 
derivatization of polypeptides with PEG or other water-soluble polymers are 
especiaUy of interest when the polypeptide is to be used as a therapeutic agent 
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ranging from 6 to 8. When used for in vivo therapy, the sterile polymer conjugate 
composition wiU comprise protein dissolved in an aqueous buffer having an 
acceptable pH upon reconstitution. The polymer conjugate can be formulated with 
a number of excipients such as amino acids, polymers, polyols, sugar, buffers, 
preservatives, other proteins, etc. Specific examples include: octylphenoxy 
polyethoxy ethanol compounds; polyethylene glycol monosteaiate compounds; 
polyoxyethylene sorbitan fatty acid esters; sucrose; fructose; dextrose; maltose; 
glucose; dextian; mannitol; sorbitol; inositol; galactitol; xylitol; lactose; trehalose; 
bovine or human serum albumin; citrate; acetate; Ringer's and Hank's soluUons; 
saline; phosphate; cysteine; aiginine; carnitine; alanine; glycine; lysine; valine; 
leucine; polyvinylpynoUdone; polyethylene glycol; etc. Preferably this formulation 
is stable for at least 6 months at 4''C. 

As a composition, it is parenteraUy administered to the subject by methods 
known in the art. Administered means providing the subject with an effecUve 
amount of the compound or pharmaceutical composition. Methods of administration 
to an animal are weU known to those of ordinary skiU in the art and include, but are 
not limited to, oral, intravenous, transdermal, and parenteral administration. 
Administration may be effected continuously or intermittenUy throughout the course 
of other treatments. Methods of determining the most effective means and dosage 
of administration are weU known to those of skiU in the ait and wiU vary with the 
compound or composition for treatment, the purpose of therapy and the animal or 
patient being treated. This composition may contain other compounds that increase 
the effectiveness or promote the desirable qualities of the particular target 
macromolecule portion. The composition must be safe for administration via the 
route that is chosen, sterile and effective. To maintain the sterility and to increase 
the stability of a polymer conjugate, the composition can be lyophilized and 
reconstituted prior to use. 

Preferably, the formulation is suitable for parenteral administration to 
humans or animals in therapeuticaUy effective amounts. These amounts may be 
determined by the in vivo efficacy data obtained after precUnical testing for: animal 
models of the disease state of interest or in vitro assays generaUy accepted as 
correlating with in vivo efficacy. 
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sbgle polymer) to a single analyte molecule, wherein each polymer contributes to a 
detectable signal in a subsequent assay step. Targeting of the polymer conjugate to 
the analyte is readUy provided, including for example by use of a linking L group 
that comprises an analyte binding group or by use of a hetero-polymer constLct of 
the invenaon wherein at least one polymer on the construct provides analyte 
binding. Preferred are multi-polymer-containing polymer conjugates of the 
invention, particularly those in which the polymer comprises a specific nucleotide 
sequence as a repeating unit that is subsequenUy detected by hybridization to a 
labeled second oligonucleotide, wherein the label can be radioactive, fluorescent, 
enzyme-linked, or the like as is known in the art. Alternatively, the fimctionali^ 
polymer can itself be derivatized to contain a detectable maricer enzyme-link, or 
other reporter group. 

General methods and principles for macromolecule purificaUon. particularly 
protein purificaUon. can be found, for example, in "Protein Purification: Principles 
and Practice" (1987) by Scopes, 2nd ed.. Springer-Verlag, New York, m, which 
is incorporated herein by reference. 

Also provided herein are methods of systematicaUy modifying the Stokes 
radius of an organic target macromolecule, including the steps of (a) obtaining a 
site-specificalJy-functionalized target macromolecule compri.sing a first oxime- 
forming group, (b) obtaining a series of fimctionalized organic polymen of the 
invention that differ from each other in the series in topology but not molecular 
weight(average) and that include a second oxime-forming group complementary 
reactive to the first oxime-forming group on the target maciDmoIecuIe. and then (c) 
conjugating the fimctionalized target macromolecule separately with each 
fimctionalized polymer via a chemoselective. site-specific oximaUon. preferably 
under mild condiUons as taught herein, to obtain a series of conjugated polymen. 
The steps (a) and (b) are performed in any order. If desired one can identify a 
change in Stokes.radius for each conjugated polymer in the series, preferably by 
size separation methods. The method can fiirther include correlatmg the change in 
Stokes radius with a change in a biological or physical property of interest of a 
target macromolecule. Alternatively, the method includes identifying a change in a 
biological or physical property of interest, e.g. pharmacokinetic behavior. 
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-Mar., Of ^ ^^^^ je,,h, 

forming group is -O-NH^ ®" 



MobUity of a nacromolecule wta subjec. ,o gel electronhn ■ 

^■du.=ns.„. ...o. Of r^.. fo™ ' ' 

auy, polymers varymg m molecular weight wiU miErate a. , r . 
approximately the same). « 
In embodtaem of .he presen. favemion, f„„cU,„aHzed polvn,e„ of 

molecular weiphf anH ™.i 

weight and polymer composition but in a differing tnr^^ 

Howe... a. beca^seTr ::::cr 

" "erem, one can now more readUy create fand "Hn^ „ »x 

-=co,„ec„.ba.„,e„ba„e:o,;nbir:r''"" 

Advantages of co»pUi,|wa,er-soluble polymers e™ci,l,„ , . 
S.ycol, to p^eb,, ^ documented! bl™r ''"° 
»-..oftbeeon,„,atedpro,einascon,pared„ltbtr^^^e^^^^^^ 
P^..olos.cal p„ .ben native protein . .s„,„ble or only par^aU^ s:: at 
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physiological pH, a decrease in the immune response generated by the nadve 
protein, an increased pharmacokinetic profile, an increased shelf-life, and an 
increased biological half-life. 

By systematically modifying the Stokes radius of a target macromolecule. 
particularly a pharmaceuticaUy important protein as taught herein, one can in turn 
systematically impart changes in the pharmacokinetic behavior of the molecule, 
which wiU enable one to more readily create and identify those conjugated 
molecules having enhanced or desired behavior or therapeutic efficiency. Thus, 
ftmctionalized polymers having different polymer topologies while keeping the 
molecular weight (average) constant are provided. For example, a family of 
fiinctionalized PEG polymers of similarly weighted PEGs with differing topologies 
are provided such that the Stokes radius, and thus pharmacokinetic behavior of a 
biologically important target molecule, can be changed in predictable and 
reproducible ways. 

Kits are provided that contain a series of functionalized polymers for 
attachment to a target of interest, wherein the series comprises polymer constnicts 
of simUar molecular weight but varying in the number of polymers present in the 
construct. For example, a series can comprise constructs of a 40 kD MW(av) 
polymer, and multi-polymer-containing construct of two 20 kD MW(av) polymers, 
four 10 kD MW(av) polymers, and five 8 kD MW(av) polymers. 

The present process is advantageous because the attachment of polymer(s) 
to a target is predictable and selective. 

A further advantage of the subject invention is that macromolecules, e.g. 
polypepUdes, modified by the reagent compounds retain a greater degree of their 
biological activity than when the same target is modified to the same degree by 
joining water-soluble polymers by employing non-oxime and non-site-specific 
chemistries. Thus, the subject invention provides for modified targets that possess 
the advantages associated with the conjugation of water-soluble polymers while 
minimizing the loss of biological activity associated with the modification. 
Consequently, the targets that are more highly derivatized by the use of multi- 
polymer functionalized polymers, and thus possessing the advantages associated with 
the higher degree of derivatization, can be produced that have the same level of 
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water-soluble polymers to proteins e» the «f 
hydroxy. g™,p,. ^ " such a. 

^ as provided by and as taught herein 

'^'"•^"Po'yn'^r and target are higlUy specific Th. 

P'ace. Polymer conjugates are easUy purified by virtue «f ,h. • 
quantitative yield and because tr.r. • . !• ""''"'^"^ 
di/fer substa^UaUy ( . t l ^^^^^ 

that .ethods for th ^slp^l '^^^ ^^'^^ "^0 so 

their separation are readUy chosen and applied Orim. r i 

have superior hydrolytic stability over a ranee of h ^^^^ l^ges 

to hydrazones or the like oJeT °' ^"^^"'"^'^^ -"<^'^-ns compared 

hydrolysis Thu/ , '^'^ =^ -^ject to enzymatic 

ydrolysis. Thus polymer conjugates have the advantage of bein.„.n- , ! 
su ted to aDDlipat.-nne u ■ ^ particularly 

wiro applications where integrity and stability of a rnm^i - . ■ 

- - -pies, .e o,..,uo„ J:!]^ :: ZT- " 
acuvi, ^„,„. " "^'^ 

reversibte chemical p™,eaio„ „f ^^^^ ^ . . ° '° 
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capable of fonning oxime linkages. Because of this flexibility and the absence of 
the need for reversible protection, the design of polymers and targets extends to 
both artificial and natural molecules and their derivatives. Polymer-conjugates can 
be designed to improve solubility of peptides as weU as present peptides to receptors 
or antibodies or the immune system of an animal in multi-valent and/or constrained 
forms. Polymer-conjugates formed from synthetic or recombinant polymers and 
target macromolecules have the additional advantage of being virus free. 

Accordingly, preferably the ftmctionalized polymers of the invention and 
the methods provided herein allow a polymer to be conjugated to polypeptide and 
protein derivative by a condensation reaction between an aldehyde and an amino- 
oxy compound. Most preferably the complementary reacUon is between a aldehyde 
or ketone and an amino-oxy-acetyl. In all cases an oxime bond is formed. 

The present invention provides further in vitro use of polymers, such as 
PEG. A fiinctionalized polymer can be used to "tag" a target molecule and thus 
enable the molecule's subsequent detection and or quantitation in a number of ways. 
Most simply, the attached polymer allows one to perform a simple size separation 
that wiU separate the polymer tagged-target molecule from other molecules in a 
mixture. For example, one can readUy foUow the modification of a target molecule 
for the production of desired functional sites as measured by the ability to react with 
the reactive fimctional group on the fiinctionalized polymer, which is in turn 
detected as the appearance of the polymer-tagged target. It is now readUy apparent 
that different physicochemical properties of organic polymers can be taken 
advantage of in this way simply by changing the polymer. For example, a sUghtly 
hydrophobic polymer would aUow separation based on hydrophobicity, or one can 
use a polymer binding column that then selects for or against the polymer-conjugate 
as desired. In addition the polymer can chosen, or modified, so that it can be 
directly detected. This imparts the advantage that the polymer may contain multiple 
detectable sites (or repeating units), such that each site present in the polymer binds 
or is recognized by a detection system, thus resulting in the amplification of 
detection signal. Branched DNA ("bDNA") containing reagents exemplify the case 
wherein each polymer unit, in this case a specific nucleotide sequence or repeating 
sequence, is detected by specificaUy binding a second measurable reagent (Urdea 
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e N.,e„„„.„s „, a .arge. p^ein could „o. b. easU, assessed. DisappeaTe T 
He N-,emu„aI amtao group could no. be assessed bv either 

2-cop..add„c.cou,dbe.e„..ed,o.bTrr:^^^^ 
^ever, ..e appea,«„ce of ibe reacUve *e.o group was easU, assessed b' L 

r " """'""'^ °^ « * 1 for 

=«™ple. by sunple size sepanUon in an SDS-PAGE system. 



BXAMWI=i! 



MPEGju, (Sg. Intnol; M,(av) 5 fcD) was dissolved in ,ol„e„. oo^n h 
ned by azeotropic d.timti„n. ^ ^ ^^J^^^^^ - 

Wo.) was added dropwise during ,„™i„ re„ux. :n,e ntij^rerited 
^ 4br, cooied to room ,e,npe,a,„,c, fliteted frotn p,rid.e hydt^bioride a^^e 
.oluene was evapoated in vacuo. TT. residue was dissolved in CH,CI d^ 
K.C03 and Mered. .be rut.te was treated witb aiuntine .L^^^T 

::d™r ™ ~ - - 

To a solution of MPEGskd-CI (4g, O.Smmol) in DMF aOmll ,„H- 
a^e C8n,.ol) was added and .be .U.,e was sttoed 1 l^O^orTC rT • 
was cooled, fdtered and tbe DMF evapon.t«i in vacuo ^e 1", 
-ene, r.„,ed and precipitated wi. Le. Z ZTZZZ^: " " 
from toluene /bexane ; yield 3.6g (9051). rec^-stalbzed tw,ce 

<0.3g) added and ^ „^^„ fc,, J M'C 

appara^s over .gbt'. ^e ca.yst was fdtered and etbano~:::::::,^ 
polymer was recrysullized f,^ tol„ene«,exa.e. yield 3g 

MPEG5HJ.NH2 (Ig, 0.2mmol) and Boc-NH-0-CH,.COOSu m . „ 
^ (^""). apparent p„ adjusted toV ^ >!, ' 

n-edtybnotpboline and tbe mb..re stirred over nigb.. MPBG-NH, acylaUon was 
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controUed by the quantitative ninhydrin procedure (Sarin et al. 1981 Anal. Biochem. 
117:147-157) on a lOul aUquot of the reaction mixture. The modified MPEG was 
then recovered by dUution with 5 volumes of water, foUowed by dialysis against 
water, dialysis and lyophilization. The Boc group was removed by dissolving the 
product in 10ml of TFA for Ihr at room temperature. TFA was removed under 
vacuo, the material was taken up in water, extensively dialyzed against water and 
finaUy lyophilized; yield 0.93g (93%). 

The same procedure was used for the synthesis of AoA-NH-PEGjo kD and 
A0A-NH-PEG20 kD ^""n corresponding PEG-NH2. 

EXAMPLE 2. Functionalization of Methn x vDolvi..thvl<>n^ Glvcol- fly nth^c.-c »f 

^ffl2=QI£H2CO^ffl.PEG-^mro.^H^^^m^rAoA-^m.PF^-MTT■A.A..^ 

B0C-NH-O-CH2-COOSU (86mg. 0.3mmol) was dissolved in imi dry 
DMSO, added to a solution of Ig (50umol) of NH2-PEG20ki>-NH2 in 4ml of the 
same solvent and the apparent pH adjusted to 8-9 with N-methylmorpholine. The 
mixture was stirred at room temperature overnight and acylation controUed by the 
standard ninhydrin analysis. The solution was then dUuted with 5 volumes of 
distilled water, extensively dialyzed against water and fmaUy lyophilized. The Boc 
group was cleaved and the material further worked up as described m Example 1; 
yield 0.9g (90%). Conjugation with this polymer leads to dimer. e.g. "dumbbell' 
formation. 

EXAMPLE 3 Functionaliration of MeJhnrvp oiyethvlRnf. niy roi: Svnth^.ic nf 
MultiYaleoLUnk^^ 

AoA-). ^ 

To 2.0g (3.9mmol) of Z-Lys(Z)-OSu was added 4ml ethylene diamine 
(60mmol) and the mixture stirred for 2hr at room temperature, where Z is 
benzyloxy-carbonyl. The coupling reaction was quantitative as controUed by 
analyacal HPLC on a C8 column using a linear gradient of 0-100% B over 50min 
(tR= 41.5min instead of 48.5 for Z-Lys(Z)-OSu). The coupling product was 
purified by flash chromatography on a silica column equilibrated m CHClj/MeOH 
(9/l.v:v) and dried by rotary evaporation to yield 1.4 g material. The product had 
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«pecW molecuux weigh,, as declined by ESIMS (Calcd M+H. ™fe 457 2 • 
found m/z 458.0). 'i:) / .^ , 

2-I-y^(2)-NH-(CH2)2.NHC0-CH,.aNH.Bo= was synthesized b, addi„. 
.. . NH-O.CH,CO0S„ .„ 0.9, „, Z-tys<Z,«,^. J° 

K 17! °' "^^'^ "« - 3-9 With 

N..«hyta,„phoB„,. The so,„io„ was sU„ed d„Hn, 5h at ^ tehtpe... 

WU: coh„„„ 250X 25mn, i.d. (NucleosU 300A. C8. Macherey Nail 

at::: "r ^ ^ '° ^-^^ 

was ch^, Tk 

was cha^tenzed b, ESIMS (caJcd M+H, 630.2. found Wz 630 9, 

TKe Z group was cleaved b, catalytic hydtogenadon. F«r this purpose the 

^= product ^ p„,„^ „„ ^ _ ^ ^ . 

95J.)^ the product was characterize by BSMS: calcd M.H. 360.2; found 

COOH '-''"'"■'^"^VNHCO.CHj.O-NH.Boc was acylated with PEG,,^. 
COOH, and PEO,om>-COOH. and PEG 20KD.C00H. 

B0C.2 HCL (33 untol, was dissolved in 2,n, of dty DMSO, PEG5a,.C00H (0 4. 
«^™«. hydroxy-ben^otHazole S^^oi, ^ DCC (21™g. ,„„„:^ 

ov ™,ght ..e standard ninhydH, ,es. showed that acylation was ,uanUtaUvc T.e 
was t^.„ diluted wUh 5 volumes of water, dialyz. again! dislHed wa! 

™n.r was eluted in the firs, faction with dis,Uled water and was 

for , h -"""""S P""""" " lOral of IFA 

for Ihr at rootn .en.pera.re. TPA was rentoved under vacuo, the .a«Ha, J,s 
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taken up in water, extensively dialyzed against water and finaUy lyophilized (yield, 
300mg. 90%), to get the foUowing derivative: PEG5i^-Lys(PEG5j^)-NH-(CH2)2- 
NHCO-CH2-0-NH2- 

A comparable linker was obtained by acylation of the lysine derivative with 
PEG,ou>-COOH, and PEGj„kd-COOH. 

EXAMPLE 4. Functionalization of Meth oxvpolve.thYtp -ne Glvrnl- ■<;Y nth..i^ j,f 
Multivalent Linker AnA-fT y.(PPr.jjj^)),.nH 

Z-(Lys(Boc))5-OH was used as starting material. The peptide, once the 
Boc-group was removed, resolubilized in lOmM HCl, relyophilized and then was 
completely acylated with 2-fold excess of PEGsj^d-COOH in DMSO in the 
presence of HOBt and DCC. The reaction mixture was dUuted with distilled water, 
dialyzed and the soluble fraction fiirther purified by ion exchange chroraatogiaphy 
on a DEAE-A25 an CM-C25 Sephadex column, and lyophilized. The Z-group was 
cleaved by a 2h HBr treatment and the product was then acylated with Boc-AoA- 
OSu. FinaUy, the AoA function of the linker was deprotected by TFA treatment. 
The extent of functionalization could be evaluated by determination of reacttve 
aminooxy groups with TNBS at 495nm, and was found to be 80%. 

EXAMPLE 5. Funrtinnalizatinn nf Dextran- .Synthesis of Dextran -C t.rrffrv^n}^. 

£H70H)-r CH0H),-CH ,-NH-frH, \-NH-C0-CH ,-n-hTH, 

A unique reactive group was introduced in dextran (Mr(3y)9.3 kD and 

39kD) by modification of the reducing sugar by leducdve amination. 

Dextran39,jjr) (Ig, 25umol) was dissolved in anhydrous DMSO (4.5ml) 

with gentle heating (45"C) and aUowed to return to 25°C. Ethylene diamine (500ul. 
7.5mmol) and crushed 4-A molecular sieves (200mg) were added. The flask was ' 
flushed with N2 and then sealed and incubated for 24h at 37''C. NaBH4 (80mg, 
2.1mmol) was added, the flask flushed with N2 and the solution further incu JtLl 
for 24h at 37»C. TTie viscous solution was then dUuted with 5 volumes of water, the 
pH adjusted to 5.0 by the addition of glacial acetic acid, extensively dialyzed 
against distiUed water and finally lyophilized to afford 800mg (80% recovery on the 
based on starting dextran). The yield of functionalization was estimated from the 
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was dissolved i„ 20., TTA dunn^ Ih ,o, ^,^1^, ^ J^'' ""'"^ 
dU« „I,H wa«. ex«„si«„ dia.,3cd a.d ISZ 

mu«.uccd ,.™„a, a„„o ^ ^ able .o ^, p„f.„,„ 

com.,Uo„s,,„os.p^en,b.,pH 3.0-5.0. a cart«,„ylfc„cUo„ for. , 
.o«eda.o,s.e.specr,ca.y.,„d„ceda„beK..en„Lr„rp^^^^^^^ 

r ~ °' " ' ^>~c 

Tht N.tenni,«l serine midue of ihe shon form of IL-S m 

-..oia-roortr— ^^^^^ 

- Bber., eds, pp.,...o, HSCOM, Uide„, .e He.er J, 
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stopped by the addition of 2000 excess ethylene glycol over periodate and further 
incubated for ISmin at room temperature, and the protein was finally dialyzed 
against a O.IM AcONa buffer, pH 4.6. Dialysis tubing was previously boUed in 1% 
sodium bicarbonate during 30min. Oxidation was confirmed by ESI-MS (calcd., 
m/z 8351.3; found m/z 8351.3±1.4). Tht oxidized protein was concentrated up to 
3-4mg/ml and was used in that form for the site specific attachment of the 
fimctionalized polymers to the N-terminus of the protein backbone. 

.Coniuaation with the polymer. A 10-fold molar excess of a lOmM 
aqueous solution of polymer was added to the oxidized protein, the pH adjusted to 
3.6 with glacial acetic acid and incubated for 20 h at room temperature. As shown 
in Figure 1. SDS polyacrylamide gel electrophoresis clearly demonstrates that a 
homogenous conjugation product corresponding to the attachment of a single 
polymer chain is foimed. The molecular weight of the conjugate is directly related 
to the size of the polymer used in the coupling reaction. 

The conjugation product was purified by ion exchange 
chromatography on a Pharmacia MonoS column equilibrated in 25mM AcONa 
buffer, pH 4.7 using a linear gradient from 0 to 2M NaCl over 20min foUowed by 
reverse phase HPLC on an analytical C8 column using a Unear gradient from 30 to 
6595 B over 35 min (Figure 2). 

In vitro activity of cnn^ncatf.. The biological activity of 11-8 
conjugates was determined by a human neutrophil chemotaxis assay using a Micro- 
Boyden chamber as already described (Ribaudo and Kreutzer (1985) in Practical 
Methods and Clinical Immunology (Yoshida T. ed.). pp. 1 16-125. Churchill 
Livingston. Edmburgh, U.K.). 

WhUe 11-8 showed an ECioOf 2 nM (concentration corresponding to 
50% of the maximal chemattractant acdvity). all investigated PEG-derivatives 
(PEGju,-, PEG,ou>-. PEG»^-, and (PEG«^)jLys-II-8 and II-8-PEG«^-n-8) were 
shown to have an activity of the same order of magnitude with an EQ, ranging 
between 3 and 10 nM. 

Pharmacokinetic ri^ta. 11-8 and its derivatives were iodinated under 
conditions, which have already been shown to retain full biological activity as 
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*^mu„^ by „«,u,,M, ,tan„^3 „ ^ , ^^^^^^^ 

Bifcny, jpproximtely 0.5mCi of Na'-I was mixed in a tal 
PO W„e „be „i.k SO or O.IM .di„„ p,„.p,a., P, ,.4 50 
IM. The ,ocl^u„„ ^^^^^^ ^ 

''*'""S"0-^te'=»'»'ionat20-C.,heiodinatio„«,cUo„was 
tenn^ated by addition o, 15 ,1 of 2„*, .odiu„ bi.om,e and 10 „ of 50 ,v/v) 

~ iodide, -n-e .diodta.ed protein was sepatated from free »I „ a GF5 
column (Pietce) eqniUb.ted in IBS and pteviously washed with ^ same bnffe/ 
~S0 bovinese^ma^bnmin. .1. s^ific .dioacUvity ob^^ 
the range of 5-10 mCi/mg protein. 

"-8 ^'^i^ derivative was injected as a bolus m the tail 

EG n.8 (PEo,,^^Lys-n-8 given intravenously to the rats are shown in 
g. 7. Conjugation of a single 20kD PEG chain has ahnost no influence on the 
under the pham^acolcinetic curve. Most ^portantly. the dumbbeU and the 
^ftu^),Lys-derivative considerably increase this area. 

A manual fit to these curves gives apparent first T,„ values of 
approxunately 10 min for 11-8. 17 min for PEG 11 8 7n ■ r 
Q . ^r. *^t^iokD-n-8, 30 mm for 11-8 PEG -Tl 

8 and 60 min. for (PEG^^Lys-Il-S. 

No detectable differences were observed in the apparent second T 
-ng all protein derivaUves. but while less than 1 . of the ini^^y oblL ' 
-.act..ty remained in circulation after 24 h for 11-, 6. of iniUal amount were 
sun present m case of (PEG,„^2Lys-Il-8. 

Application of the same methodology to the modification of G-CSF 
^^^^^^^^^^ 

be. as weU as senne m case of 11-8. the target forperiodate oxidation. 
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Enzymatic cleavage of ^-termin al methinninP The methionine 
residue was specifically removed by enzymadc digesUon with kidney microsomal 
aminopeptidase (EC 3.4.11.2). G-CSF was concentrated to 5mg/mL in a Tris 
50mM, 0.3% sodium lauryl sarcosinate. pH 8.0 buffer and then incubated with 
aminopeptidase (enzyme/substrate ratio, 1/20) for 20h at 37-C, in the presence of 
lOmM MgCl2. 2.5mM PMSF and benzamidine. and 2mg/mL aprotinine. AU these 
inhibitors were added to prevent any cleavage of the polypeptidic chain by any 
contaminatmg proteolytic enzyme present in the commercial aminopqjtidase 
preparation. AminopepUdase was then inactivated by adding EDTA at a lOmM 
concentration and the solution dialyzed at 4»C versus Tris 20mM. pH 8.0 and 
against water and the material finally purified by reversed phase HPLC on a 
250xI0mm i.d. NucleosU C8 column, using a flow rate of 3mI7min and a linear 
gradient of 50-80% solvent B over 15min. ITie modified protein was characterized 
by ESI-MS. The ESI mass spectrum exhibited two series of multi-charged ions, the 
major one corresponding to rfer-Met^-rhG-CSF (calcd., m/z 18820.8; found, n^z 
18821.7±2.1) and the minor one to Met*-rh-G-CSF ( calcd.. m/z 18951.9, found 
m/z 18956.1 ±5.5). 

Oxidation of </fT-Met^-G-C.SF The lyophilized material was 
dissolved in a O.IM sodium phosphate buffer. pH 6.5 at 5mg/ml in the presence of 
6M guanidine chloride, and oxidation performed with a 5-foId excess of periodate 
over the polypeptide. After lOmin of incubation at room temperature in the dark, 
unreacted periodate was destroyed with a lOOO-foId excess of ethylene glycol. 
Oxidation was confirmed by ESI-MS (calcd.. m/z 18775.3; found, m/z 
18777.9±2.7). 

Conjugation of the polymer A 5-fold excess of AoA-NH-PEG was 
added to the reaction mixture. dUuted with 5 volumes of 0. IM AcONa buffer pH4.6 
containing 6M guanidine chloride and concentrated to one volume on a Centricon 
micioconcentrator. DUution and concentration was repeated a second time. The pH 
was then adjusted to 3.6 and a second 5-fold excess of AoA-NH-PEG added, and 
the solution incubated 24h at room temperature. Tht solution was dialyzed against a 
20mM sodium phosphate buffer pH 7.0 to discard the guanidine chloride and the 
conjugation product isolated by HPLC on a C8 column. As shown in Figure 3. 
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F upanoi, pH 7.4 over 15 min. foUowed bv a PS m;„ t- 
25 % of a third buffr r , • - . "wea by a 25 mm hnear gradient to 

with n ' 50% MeOH oH 7 , 

with a flow rate of 0.6ml/min. ^ 

M room temperature the After Ih incubation 

muture wn.Vh """^ "f EWA The 

PHG».-„.,n. „e,e tl.u3 constntcted a. confirmed in K^.^ 4 

nects of U-lff on the induction of Prosta.lMdi„,fpr% . 
•^a, or synovial fibroblasts (Arend e, a (.990, 1 t " 

^^^"^ ^- Invest. 85:1694-1699). 
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This bioassay aUowed the evaluation of the biological acUvity of modified Il-lia. by 
using a 1000-fold excess concentration of H-lia or its conjugate over Jl-ip to study 
the inhibiUon of the Il-W induced biological response. Table 1 presents the results 
of one such initial assay. n,e PEG,„^-des(MRP)Il-lia form listed in Table 1 is that 
derived by enzymaUc cleavage and periodate oxidation as discussed in Example 9 
below. 



Table I. /„ vitro capacity of Il-lra and PEG«^-conjugates to inhibit JL-10 induced 
PG, production (ng/mL) in two fibroblast ceU lines. 



Reagent 

Culture medium 
Buffer without protein 
Il-lra 
Il-lra(tr) 

PEGjou>-IL-lra(tr) 
PEGMu>-des(MKP)Il- 1 ra 



Dermal fibroblasts 


Synovial fibrobla^ 


325 ± 85 




239 ± 30 




317 ± 69 




276 ± 67 




8.6 ±3 


(100%) 


<4.8 


(100%) 


21.8 ± 6 


(96%) 


< 4.8 


(100%) 


219 ± 37 


(32%) 


98 ± 16 


(6flS) 






48 ± 14 


(84%) 



S'%tir ?'^"^±S.p (n-3). n,e figures in brackets give a nominal value for 
tiie % b.o^og,cal activity of the derivative concerned, even though this initial assay was 



As shown in Figures 5A. 5B, and 5C (dose-response curves), the Il-l^ effect was 
inhibited in a dose-responsive manner by aU conjugates, and an IC«, value 
(concentraUon necessary to block 50% of response) was approximately 
determined: the values were approx. 13, 10 and 9 ng/mL for PEG,^-Il-lra (Figure 
5A). PEG,„u>-IHra (Figure 5B), and PEG^^-Il-lra (Figure 5C). respecUvely. " 
Conjugates were prepared by transamination method. The IC„ value for authentic 
Il-lra was found to be about 6 rig/mL. The necessary ratio of Il-lra to 11-10 which 
can be deduced from these results, though higher with the PEG derivatives than 
with the naUve protein, remains in all cases in the range 10 to 500. the range 
described in the literature for Il-lra (also designated as the pharmaceutical Antril by 
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Synergen. Inc.) with different ceU lines (Arendetal 1990 J CLin t 
85:1694-1697). ' 

~y wa^ed wi,K sa™. conu*, o. 1 ^ ^vtae alb»i„ 

specmc ndtoacuvi., tes obuined „as in ,he range of .00-300 ,Ci/„g 

protein. ^ 

p™^ .J«^ as a ^,„3 . ^ ana sa™p,„ of ^u^^T. 

A. «n denved f™™ „e figures, .te appa,™ f« of An,ril (se. ,oUd 

*«fore Have as s„o„, an M„e„ee on *e area nnder ..e p^aco^u. ^ 
M« nnpor^n,,,, even i„ ^ese preB^inary experinen,, .here are apprecUb 

Anw. l^e apparent first T„ value for both the derivatives were si,„T . 
-.nh. tha. for U.„™n..^p„,, 

r"',n r " or 

i-ii^iokD-II-lra, and 20 min. for PEGjouj-IHra. 
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No detectable differences were observed in the apparent second 
amongst aU three proteins, and in aU animaJs less than 2% of the initiaUy observed 
radioacavity remained in circulation after 24h. 

It is clear from the results presented herein that by increasing the 
polymer mass, either by increasing its length or. as discussed above, by addin» 
multiple copies of the polymer at one site (via the multi-linker format) one can^ 
increase the circulating half-life of a conjugate while not causing a deleterious effect 
m ,ts acUvity. This result of the site-specific modificaUon methods and reagents of 
the present invention sharply contrast results often seen using methods in which the 
target molecule is randomly labelled with polymer, such as at lysine residues 
Unlike with previous technologies, using the reagents and methods of the invention 
one would expect a further increase of T« without an excessively severe additional ' 
decrease in specific biological activity. For example, adding a 40 kD polymer to 
Antril (either direcUy or as obtained using smaller but linked polymers). would 
produce a further increase in the apparent first T« without a sudden, cripplino loss 
of specific biological activity. Indeed, using the methods of the invention, thi trend 
of specific biological activity as a function of M, of the added PEG was observed to 
be in the other direction (compare Figures 5A. 5B and 5C). Moreover, as 
presented herein, the use of a multi-linker can achieve simUar effects as those 
observed for a single, linear polymer of molecular weight unexpectedly greater than 
that of the muiti-Unker. For example, when two PEG chains were put on a multi- 
linker and placed site-specifically at the N-terminus of n-8. the resulting derivaUve 
PK3j^-Il-8 had a gel-electrophoretic behavior almost equivalent to that for ; 
derivative with an apparent molecular radius corresponding to the addiUon of 
20kD PEG chain (see Figure 1). 



a 
"a 
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Tokyo) was used for cleavage of .he N-termtaal tripepUde Di-esd™ 

slo„.I»e prota wa. fterefore toba.ed 20h a, 37-C at a 3(ta./m, 

concenWpnta a SOn^sodH.™ phosphate buffer. pH 7.0 wi,h an ° 
enzyme/substrate ratio of 1/10. l„e protein was ti,e„ isoUted b, «, fat„ti„ 

BioSeD-SecS-7nnn ^yu ^ ^ lutration on the 

«ere,« at^ogu^ TjT. '° 

naiogues could be rientified: the major one (16874.5±5 4D) 

con^po^in, to the expected product .es(Met.Ar..Pro,a-.ra (calcuUted «,ue 

■68^. D,; and two ™i„or one., one (16785..±1.5 D, corresponding to the 

No face of the nauve protein (17257.6 D, could be detected. These results are 
nzyn,. Ne^rtheWs, Uti, ^ „ , 

17"' °' 3 - P-fonn peHodate o.datio„ and 

runcated lH,a pro,e.„ sCubilized in a 1« NH^HCOj buffer, under L sa^e 



K.OAC buffer'^^fT''"^- "^"^ ' 

°~°'«C°-<:H,.0-NH. and the pH brought to 3.6 with acetic acid After 40h 
u.cu.^,a. roo™ temperature, the conJugaUon product was isolated ' 

ct^t^tT" ™ ^wn to be 

Cleaner than with the transaminated protein. 

^tUatrnjctivitY ofcnnincaf^, x^e b vitro activitv of 
conjugate PHC_,e.„,,, ^^^^^^ ^ 2^°^ — 

MuIiivalentLinker n>Pr , • TT '^""Y"^"*^ ^'Y^ol _SYnthe.s.sjLf 
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This multivalent linker is comparable to that described in Example 3, 
and was obtained by acylation of Tris-(2-aminoethyl)amine with one equivalent of 
Boc-NH-0-CH„-CONSu in DMSO. TTie monosubstituted derivative was isolated 
by HPLC. characterized by.ESIMS (calcd. M+H, miz 319.4, found m/z 320.6). 
The material was solubilized in lOmM HCl and lyophilized, and further acylated 
with PEGjtD-COOH (1.2 molar excess over remaining amino groups) in DMF, in 
the presence of equimolar amounts of hydoxybenzotriazole and DCC. The soluUon 
was stined overnight at room temperature and the fiiUy acylated derivadve was 
purified after extensive dialysis against distilled water by ion exchange 
chromatography on DEAE-A25 and CMC-25 and finally deprotected by treatment to 
get the following derivative: 

(CHj)2-NH-C0-PEG 
I 

HjN-0-CHj-CONH-(CHj)j-N 

I 

(CHJj-NH-CO-PEG 
Conjugation to oxidized II-8 was carried out under the same conditions than used 
for the linear PEG polymer, and the resulting derivative isolated according to the 
same procedure, as shown in Figure 1. 

EXAMPLE 1 1 ■ "One-Pnf M odincation anri C oniuaarinn P^^r.;»., 

As demonstrated in the above reactions, side reactions during oxime 
formation were not a problem. For example, compare lanes 1 and 2 of Figure 3. 
However, "one-pot" reactions would nevertheless be desirable in order to minimize 
handling, and thus yields, contamination, equipment, time. etc.. as weU as provide 
for more reproducibility and uniformity amongst reactions, decrease labor time and 
costs, and faciliute development of larger scale and commercial production, as weU 
as simplify use if diagnostic methods or kits. IL-8 was mixed at the same time with 
both periodate and an aminooxy compound (N--Aminooxyacetyl, N'LC-biotinyl- 
lysine), and after an appropriate reaction period, with no work-up whatsoever, the 
wanted product- IL-8 specifically bioUnylated at its N-terminus-was identified. 
Surprisingly, the reaction progressed at pHs 8. 6.5 and 4.6. At 6.5 the generation 
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of product, with approximately quantitative production of th. ^ . . 
-ntined .ass-spectro^etr.), ac Jed 

we. somewhat slower and less quantitative at the other tw " ^ ^^^^ 
surprising since, forexa.pl, pedodate oxidation requirl dl " 
.n>up.a„disU,ereforefavoredatall.alinepH wheTrTx^T" 
^P-atacidpH. Aaditionall.ihea.J.;JX:™;^^^ 
considerable exces.; u h "^cessanly present in 

'^s Have ^ expect. .„ Have d«,™^ 

"nmedately. with mixing, by 17ul of a lOmM 

was ™ 11 :rr 

.h. quenched .oluUon was npidly di.„,ed i„ 500 .10 . ^ 
a* was done u,„i.taI„,J^™^''""-«~ 
who>e san,p,e wa. ana,^ „ _ J p^^^ t^"' ^ ^ 
eluted at th^ Irn., •- ^PnaseHPLC. The only substantial peak 

ted at the known posU,on of the wanted biotinyl-I,-8 derivative I7.e iT^ 
a large scale reaction when isolated gave the exolte. °' 

spect^metr. .calculated m. SB..: four::: rriT-- ^ 

- N-hydroxy:::r;reI:^^^^^^^^ -(BOC-.o^).y3.e 
-n. the Pierce Chemical c:::^^^ ^^"^ """^ 
process as foUows First A. ^ ^ ^^""^"-^'"^ "^^e by a two step 

r^yZ.oraaceo'^Ly.ih^ H^oxotro/nerf^,,, adding to 371 n,. tm 

lysine (NovaBiochem 4448 Laefeir c ' ^^-triA-roacetyl- 

DMSO was added T's "^"'^ ^ ^ 

^ a suspension in 1 mL of DMSO of ^7/; 

Mroxy^ccini^ido es.e. of a^taeoxyaccUc a^l Z 
(Vilaseca e. al n993> aw ■ ■"""■fl^l as de^ribed 

added u,U,e suspension, „id,„Uin8 unUll! 

--,on„..„_^,,^J^;--;™ 
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overnight at room temperature. Subsequent thin-layer chromatography (Vilaseca et 
al. (1993) Bioconjugcue Chem. 4:515-520) of a small sample showed that UtUe or 
no ninhydrin-positive material remained. Residual hydroxysuccinimide ester in the 
reaction mixture was destroyed by dUution with an equal volume of water and 
incubation at 37»C for 1 hour. n,e mixture was then further dUuted with 32 mL 
water, cooled to O'C. and brought to an apparent pH of 3.0 Cglass electrode) with 
acetic acid. The solution was then divided in two, and each half placed on a 
Chromabond 1000 mg (Machery-Nagel. Duren. 52348. Germany) equiUbiated with 
0. 1 % aqueous 1PA. Each Chromabond was then washed with 20 mL of the same 
soluUon. and eluted with 4 mLof a mixture of 0.1% TPAracetonitrile. 4:6 (v/v). 
Acetonitrile was removed from the eluates in a current of filtered air, and the 
remaining Uquid removed by vacuum centrifiigation. Second, the trifluoroacetyl 
group was removed from the e-amine of the lysine by adding 3 mL of water to each 
of the dried down eluates. cooling to O'C. then adding 330 ;rL of piperidine. TTie 

mixture was maintained in an ice bath with occasional agitation for 3 h. TTie 
reaction was stopped by the careful addition of 500 of glacial acedc acid, and 
solutions could be «ored frozen at this point. To continue the procedure, each 
mixture was dUuted to 10 mL with water and the pH adjusted with acetic'acid to pH 
3.0 (glass electrode) if necessary. The mixtures were applied to two Chromabonds 
as before, except that (a) elution of the wanted fraction was carried out with 4 mL 
of a mixture of 0.1 % TPA:acetonitrile. 7:3 (v/v) and (b) for each Chromabond the 
matenal passing through unchecked was pooled with the subsequent 20 mL wash 
fraction and passed a second time over the same Chromabond- after re-equilibration " 
For each Chromabond. the two eluates were pooled and dried down to give approx 
40 mg each of the desired product N-«-tertButyloxycarbonylaminooxyacetyl-Lysine. 

The AoA-LC biotinyl Lysine was made by first dissolving 15.3 mg of 
the N<-(BOC-AoA)Lysine in 478 i^i of DMSO and adding 5^1 N-ethylmorpholine. 
To this were added 53.2 mg of the biotin compound N-hydroxysuccinimido ester of 
LC (long chain) biotm dissolved in 478 ^1 DMSO. If either component was 
reluctant to dissolve before mixing, all went into solution afterwards. After 18 
hours at room temperature any excess active ester was destroyed by adding 956 ;.l 
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u.i4TFA,thecailndgewashe(lwiih20»il0 1)!TFA ,fc. ^ , 
ofCH,CN/0.UETFAa-4v/vl -n,. TFA, tten4 ml 

CH3CN/0.«„-n,AC:3v,v)a,rfdn^dow„. YWwa.23 8„g 

»J«=d « a .„,e o„ .h. C8 a^yucal co.u.„ *^bed above The lib . 

e,uUib.M wUb M« of «,e above^^l 
brought to 40% in th. r . - above, and this was 

200.1 m le, 4, * " I «•! in 

w "-A. After 45 minutes at 20* the soluUon was drimf rf™, ^ 

a further nurincation 



s V ivYinn et al., (1991) Bioorgamc Chem. 19, 133-142- H^rric »^ 
et al. f 19841 j pni.™ c - t, . -', i^z. Hams M.M. 

U^m; j. Poiym. Sc.. Polym. Chem. Ed. 22 34 n the :,ih.k ^- ^ 
introduced bv acvlatin., pno kt« aldehydic fonction was 

g-n. 50 ;.mol) and carboxy (benzaldehyde)OSu (62 250 Lnn 

in DMSO M mV\ the , ^ ^« loz m^, 250 /zmol) were dissolved 

the r^2l^ ' ^'^"^ " ^^^^ ^-^-^^^o^holine and 

mucture stuted ovenught. Acylation was controUed by the stand.,H • k . • 
-..resolutions 

extensively dialyzed, against water and finally lyophili^ed. 

2^:i2teiQiMQdification r ^ ^'^^^SSiJSnifeysteui^^ 

Another approach to modify G-CSF site-soecfi^n 
Cys" With a linker bearing the AoA funcr ' ; ' '^'^'^"^ ^'^^O" of 

. the AOA function m order to place a reactive AoA at 
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this position. In the case of G-CSF there was only a single Cys residue. For this 
purpose was used the linker compound 

Boc-NH-0-CHi-COHN-(CHj),-NH-CO-CHj-Br 
TTie Boc group was removed and the linker rapidly added at a 20mM concentration 
to rh-G-CSF solubilized in a O.IM phosphate buffer (Na). pH 7.0, 5mN EDTA and 
6M GuHCI. After 30 min. incubation, the solution was acidified. The alkylated G- 
CSF was purified by reverse phase HPLC and characterized by mass spectrometry 
(calcd. m/z 18971.8. found, m/z 18978.2+7.8). TTie protein was then resolubilized 
in acetate buffer (O.IM Na), pH 4.6 containing 6M GnHCl and reacted with a PEG- 
CHO (from Example 12 above). The extent of polymer conjugation was 
comparable to that obtained in the two-step coupling at the N-tenninus described in 
the previous example. If the aikylation with the preceding linker is performed at 
higher pH values (e.g. pH 8.0. pH 9.0) histidine and methionine residues will also 
be modified. 

EXAMPLE 14. Site-Sneciflc Modificatinn : , nd Coniiiaatinn of a Prnfein- 
Modificat ion and Cnniugation of rh-G-CSF. 

A small bivalent tag. containing a group reactive with a 
f^jnctionalized polymer of the invention, can be added to the protein in a large 
excess and will therefore react rapidly with the created glyoxylyl ftinction in the 
protein. In a second step the functionalized polymer is added to achieve conjugation 
to the protein via the tag. This two-step approach is useftil. for example, when one 
wishes to avoid or minimizes both stcric problems and those that might be caused 
by side reactions. A illustrative small, bivalent tag is a bisaminooxy tag. 
CHiCaLys(CO-CH,-0-NHj) was synthesized by the attachment of Boc- AoA-ONSu 
to Lys-OMe, foUowed by NaOH treatment and TFA depix)tection (calcd. M+H, 
293:1; found M+H 293.9). To complement an AoA group on the protein, a 
functionalized polymer having a reactive carbonyl group was used for conjugation. 
PEG-NHj was reacted with carboxy-(benzaIdehyde)-ONSu to give a polymer with 
the required aldehydic function for reaction with the AoA-tagged G-CSF, yielding 
the final product: 

PEG-NH-CO-QH«-CH=N-0-CH,-CO-LysCO-CH,-0-N=CH-Carfe^MefmG-CSF 
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Tm(2.amtoo«h,l)™u,=, used to ExamplMO, acyUW wiU, 3 
^.va,e„, „, B0C.NH.O.CH..COOSU i„ I>MSO. ^U, 

AcoNa pH 3.6. The co„jugaio„ p,<Klua (bea^g „o ^oA groups) was 

™"°"i"S""="'«'«c.ed.iU,PEG.CHO,oyteldamo.p„ly„er 
™=d dcnva.,ve, i.e. a bi.poI,„„-co„utai.,g fi,„ctfo,»Uzed politer. 

Other mulUaim, U. mum-polymer-co»utatag tocUonalized 
polymer. s«.ch,r« can b. consn,c,ed, especially if u,e ato, of .he potaer 
coj^Uon is ,„ decrease in,™„„oge„lci.y of .he pro.in. ,„d.ed. a li,*er bearing 

^obu^ed by ,U„«ng. i„ a fu. reaCou, .o .he pro,ein a pep.idic lirdcer of .„s 

H,N-0-CH,-CO-X-(Lys(Ser))n 

*r. X .apep„d,c or nonpepUdic s.,»cre .hich fac^u«s sepan,i„„ .f ,he 
co«auo„ produc, fro™ u„.eac.ed p,o.ei„ a,^ „ is .,e „„n,ber of ar^ched 

:TZ:^"^''^'- —~-bein.rodocedbe.een 

oxidised ^ r ' "° °' - 

oxid^, and d«„ reacu=d a. described in preceding examples. wUh PEG-AoA 

^ncuonali^ pCymers, ,o covalenu, a»ch „ ™ber of chain, .o .e pr^!:::. 

'^''"''"'"'°»"»<'P«°'>"Pi>licaUot,smemionedinthissoecmcaflon 
- ^.n incorpora-ed by reference „ .e same e„e„. as if each indtid^ 
Prtbcauo, orparen, appUc^„„ ^^^^ ^ 
uicorponted by reference. 
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The invention now being fuUy described, it wiU be apparent to one of 
ordinary skiU in the art that many changes and modifications can be made thereto 
without departing from the spirit or scope of the appended claims. 
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WHAT KPT ATK^ JO. 



1. A functionalized polymer, comprising an organic polymer covalenUy 
attached to an amino-oxy oxime-fonning group. 

L of Claim 1. Wherein the organic poty^^^ 

attached to two amino-oxy groups. 

S««P a. .s f« po,^„ ,e™i„„, ,„ , ^^^^^^ 
polymer terminus. 



4. H-c funcionalizrt pol,m.r of Claim 1, .h.„i„ . 

soluble polymer. 



^«cd r™, .he poup ,o„,i3U:,, ^ ^ 

«n„ caAoxy„«M *x.n„. c*,„s.. m«hyM„,os., ca*„xy.e.hy, cellulose 

he^, pol^u,y, alcohol, polyvinyl eU„l e,he.. polyvi„„p,™u<,„„,. 
(2-hydroxy„Hyl)-r>L.a3p^„i,e, pol,oxye.h,U,ed polyols, and polyneclll 

^l=cttd tam the 8„,„p consisiing „, 3^^,, 6is.^^ „ 

uns»bsa«ed polyalldyene glycol, polychyte glycol homopoly^ers ' 
Polypmpylenc glycol hoa,op„,y™en, and copolymers of ahylene gl,„t wio, 
proi^le. glycol, „he.h ^ ^ ^^^^^ ^ 

sobstituttd al one end with an alkyl group. 

Leo. T.^TT °' ^ 

glycol (PEG) or methoxypolyelhylene glycol (mPEG). 
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8. nie fonctionalized polymer of Claim 5, wherein the polyoxyethylated polyol 
is selected from the group consisting of polyoxyethylated sorbitol, polyoxyethylated 
glucose, and polyoxyethylated glycerol. 

9. TTte functionalized polymer of Claim 1, wherein the polymer has a molecular 
weight average of about 200 to 200,000. 

10. The fimctionalized polymer of Claim 9, wherein the polymer has a molecular 
weight average of about 400 to 50,000. 

11. The functionalized polymer of Claim 10, wherein the polymer has a 
molecular weight average of about 2000 to 40,000. 



weight 



12. The functionalized polymer of Claim 5, wherein the molecular 
average of dextran or its derivatives is 10,000 to 500,000. 

13. The functionalized polymer of Claim 5. wherein the polymer has the formula 
Rl-0(R2-0)nR2-R3 

where n is an integer between 5 and 2.000, R2 is a lower alkyl group which is 
straight, branched, disubstituted. or unsubstituted, and (a) one of Rl and R3 
comprises an amino-oxy oxime-forming group and the other of Rl and R3 is 
hydrogen, -CH3. or a protective group, or (b) both Rl and R3 comprise an amino- 
oxy oxime-forming group, and where either or both of Rl and R3 optionaUy 
comprise a spacer group. 

14. The functionalized polymer of Claim 13, wherein the protecUve group is an 
alkyl group. 

15. TTie functionalized polymer of Claim 14, wherein the protective group has 
between I and 10 carbons. 
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17. fiinctionalized polymer of Claim n • • . 

and 1000 . ' " ^ ^^^S^r between 10 



and 1000 
18. 



TTiefunctionalized polymer of Claim 13 wher^m th» , • 
fnrTr,:^ • *'"^rem the amuio-oxv oxime- 

forming group comprises -X-O-NH, wherein X k » . • 
CHO-R4 =.nrf u - ^ 'P^^^' Sroup comprising .NH- 

aiO^R4- and wherem R4 is attached to -0-NH, and is a substituted or 
unsubstatuted linear, branched, or cyclic lower alkyl. 

19. m functionalized polymer of Claim 18, wherein R4 is -CH2-. 

or"(P) 1. -ing the formula (P,..,.o.^^ 

a^.L CORK), wherem P is the organic polymer, m is an integer from 2 to 10 
X . a spacer group. R . hydrogen or substituted or unsubstituted Cl-J^l^ ^ 
branched alkvl pmiin t • . . °r 

covalentlyt^l r; h ^ " '° ^^^^ ^ 

ently hnked. and wherem the valency of L is at least m+1. 

21- The functionalized polymer of Claim 20 wherein x rr. ■ 

rwrkrr • . ' X compnses -CH - nr 

CHOH- m the fonnula (P)mL-X-0-NI^. ' ' 

22. functionalized polymer of Claim 21 wherein • 
-NH-CO-CH in tK ^^ . composes -CO-CH,- or 

'-^CHj- in the formula (P)mL-X-aNH,. 

23. TTie funcUonalized polymer of Claim 20 wherein Y • 

or -rwntj • ... , ' X compnses -CH,- -CO- 

or -CHOH- in the formula (P)mL.X-C(R)0. ' 
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25 



The fiinctionalized polymer of Claim 24. wherein K5 is selected from the 
gioup consisting of phenyl or C,-C.o alkylene moieties. C.-C„ alkyl groups, or a 
combination thereof, an amino acid peptide, an oligonucleotide, an oligosaccharide, 
a lipid chain or a combination thereof, and may contain heteroatoms. 

26. The fiinctionalized polymer of Claim 24, wherein R5 is -CH2-CH2-. 

27. A method of systematically modifying the Stokes radius of an organic target 
macromolecule, comprising the steps of 

(a) obtaining a site-specifically-functionalized target macromolecule 
comprising a first oxime-forming group, 

(b) obtaining a series of fiinctionalized organic polymers differing 
from each other in the series in topology but not molecular weight(average) 
comprising a second oxime-forming group complementary reactive to the fust 
oxime-forming group, and then 

(c) conjugating the fiinctionalized target macromolecule sepaistcly 
with each fiinctionalized polymer via oximation to obtain a series of conjugated 
polymers, wherein steps (a) and (b) are performed in any order. 

28. The method of Claim 27, which further comprises the step of 

(d) identifying a change in a biological or physical property of a 
conjugated polymer of step (c). 



29. The method of Claim 27. wherein the second oxime-forming group comprise 
-O-NH,. 
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